Kinetic mechanism of glutaminyl-tRNA synthetase from human placenta.
The order of interaction of substrates and products with human placental glutaminyl-tRNA synthetase was investigated in the aminoacylation reaction by using the steady-state kinetic methods. The initial velocity patterns obtained from both the glutamine-ATP and glutamine-tRNA substrate pairs were intersecting, whereas ATP and tRNA showed double competitive substrate inhibition. Dead-end inhibition studies with an ATP analog, tripolyphosphate, showed uncompetitive inhibition when tRNA was the variable substrate. The product inhibition studies revealed that PPi was an uncompetitive inhibitor with respect to tRNA. The noncompetitive inhibition by AMP versus tRNA was converted to uncompetitive by increasing the concentration of glutamine from 0.05 to 0.5 mM. These and other kinetic patterns obtained from the present study, together with our earlier finding that this human enzyme catalyzed the ATP-PPi exchange reaction in the absence of tRNA, enable us to propose a unique two-step, partially ordered sequential mechanism, with tRNA as the leading substrate, followed by random addition of ATP and glutamine. The products may be released in the following order: AMP, PPi and then glutaminyl-tRNA. The proposed mechanism involves both a quarternary complex including all three substrates and the intermediary formation of an enzyme-bound aminoacyl adenylate, common to the usual sequential and ping-pong mechanisms, respectively, for other aminoacyl-tRNA synthetases.